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ABSTRACT. Blood-cadmium (Cd-B) fevel, blood pressure, and several biological 
parameters in blood were measured in 440 men who were not occupationally exposed to 
cadmium and who had a detailed smoking history. No significant correlation was found 
between Cd-B and blood pressure. Among biological parameters, those known to be 
related to smoking appeared significantly correlated with Cd-B. Analysis of smoking 
history showed that Cd-B is strongly elevated in current smokers, with a dose-effect rela¬ 
tionship between daily consumption of tobacco and Cd-B; moreover, exsmokers had 
significantly higher Cd-B than nonsmokers. This finding shows that Cd-8 partly reflects 
past exposure to cadmium. 


THE HEALTH EFFECT of occupational exposure to 
cadmium has been studied for many years,’ The 
general population, however, is also exposed to cad¬ 
mium; dietary intake and especially tobacco smoke are 
known to be sources of low-dose exposure. 2 Several 
authors have reported that blood-cadmium (Cd-B) 
levels are higher in smokers than rtonsmokers, 3 ' 6 but 
because of limited sample size dr insufficiently detailed 
smoking history, researchers could not investigate the 
dose-effect relationships or the effect of past smoking 
on Cd-B, 

Conversely, the existence of an association between 
Cd-B and high blood pressure has been discussed 
recently /'’ 0 As often emphasized, h1 " n tobacco con¬ 


sumption may be a confounding factor in evaluating 
differences in Cd-B of hypertensive and normotensive 
subjects, but not all the studies controlled for this 
variable. The relatively large number of subjects 
studied in this paper and the recording of detailed 
smoking history allow a more thorough analysis of 
these relationships than in the past. 

METHODS AND MATERIALS 

Subjects, The population studied consisted of 440 
men, aged 24-55 yr (mean « 41.4 yr), attached to a 
section of the Paris Civil Service with no occupational 
exposure. Each subject was given various question- 
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naires and a physical and biochemical examination of a 
fasting blood sample taken between 8:30 and 9:30 a.m. 
The questionnaires yielded information about life style, 
such as usual workplace (indoors or outdoors), ex¬ 
posure to car exhaust gases, method of transportation, 
alcohol consumption, and smoking habits. 

Smoking habits. Subjects were distributed into three 
groups according to their smoking status: (1) 
nonsmokers, if they never smoked (140 subjects); (2) 
exsmokers, if they stopped smoking at least 1 month 
before the visit (86 subjects); and (3) current smokers at 
the time of the visit (274 subjects). For each current 
smoker, the amount of tobacco smoked per day, in any 
form, was expressed in grams (1 cigarette - 1 g, 1 cigar 
«• 4 g, 1 cigarillo - 2 g; for pipe smokers, the weight of 
tobacco smoked was directly recorded). It was also 
noted whether these subjects inhaled smoked ciga¬ 
rettes with or without a filter, smoked light or dark 
tobacco, and whether they had smoked in the morning 
just before the visit. Among current smokers, 70% 
smoked dark tobacco, consisting of two main brands of 
cigarettes which are composed of tobacco grown in 
southwest France, and mixed with small quantities of 
other tobaccos grown in various countries. The other 
307o smoked a variety of brands originating in France, 
the United States, and the European Common Market. 
The time that had elapsed since the cessation of smok¬ 
ing until the date of the visit was recorded for ex¬ 
smokers. 

Physical examination. Height, weight, and blood 
pressure were recorded. Blood pressure was measured 
by a mercury apparatus. 

Biochemical measurements. The following param¬ 
eters were measured on the blood sample taken, 

1) Blood cadmium: whole heparinized blood sample 
(1 ml) was mixed with a solution of ammonium pyrolli- 
done dithiocarbamate and triton XI00; the metallic 
chelate was extracted into methyl isobutyl ketone.' 3 
The ketonic extract was injected in a tantalised graphite 
furnace of a Jarret Ash 850 AA spectrophotometer (dry: 
100°C, ash: 550°C, atomise: 2000°C). Special pre¬ 
cautions were taken to avoid Cd contamination by 
reactives and materials (heparinized test tubes Vacu- 
tainer S.D. 06527). 

2) Red and white cell counts (Coulter Counter S). 
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BLOOD CADMIUM LEVELS (jig/U 
Fig. 1, Blood cadmium levels distribution (range, 0.1-S.t null.). 

3) Creatinine, glucose, triglycerides, cholesterol 
(Technicon automated procedures), carboxyhemoglo- 
bin by measuring carbon monoxide,' 4 and hemoglobin 
(Coulter Counter S and IL hemoglobinometer) with 
subsequent calculation according to the formula: 
COHb% - (CO in ml percent mi of blood x 100)/(Hb 
in g percent g of blood x 1.42). 

RESULTS 

The distribution of Cd-B (Fig. 1) was found to be 
lognormal, so that log Cd-B values were used in subse¬ 
quent statistical analysis. Cd-B did not appear to de¬ 
pend on age; its means in the age classes 24-34 yr, 
34-44 yr, and 44-55 yr, were 1.00, 0.79, and 0.84 jtg/L, 
respectively, and not significantly different (correlation 
coefficient - -0.06, P > ,20). Among information 


Table 1.—Means of Blood Cadmium and Carboxyhemoglobin 
Status 

According to Smoking 



Smokers 


P 

Never 

Ex 

Current 

Blood cadmium (ugh.)' 

0.37 ± 0.24 

0.5? ± 0.37 

1.33 ± 0.9S 

.001 


N - 740 

to 

1 

jV - 214 


Carboxyhemoglobin (%)* 

16.7 * 4.2 

16.4 ± 7.2 

52.8 ± 33.6 

10’ 


N - 139 

N - 64 

N - 210 


* Values expressed as mean >fc standard error. 

■' -..: 
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Table 2.—Means of Blood Cadmium in Inhaling and Nonhajing Current Smokers According to 
Current Tobacco Consumption 


Tobacco Consumption {g/day 




Table 3.- 

-Means of Blood Cadmium 0*g/L) of Inhaling Subjects According to Recent Smoking 

Recent 

Smoking 


Tobacco Consumption (g/dav) 


P 

1-10 

11-15 

76-20 

21 + 

No 

0.63 ± 0.44 

1.34 ± 0.58 

1.43 ± 0.93 

1.66 ± 1.37 

.001 


N - 19 

N - 10 

N - 15 

N - 6 


Yes 

1.34 ± 0.69 

1.61 ± 0.90 

1.78 ± 1.15 

1.70 ± 0.91 

.30 


N - 15 

N - 13 

N - 45 

N - 37 


P 

.01 

.40 

.15 

.50 



contained in the questionnaires, only smoking habits 
appeared to be associated with Cd-B. 

Tobacco blood cadmium. The means of Cd-B ac¬ 
cording to smoking status, as shown in Table 1, are very 
significantly different. The mean in current smokers is 
approximately fourfold the mean in never smokers; 
moreover, Cd-B is significantly higher in exsmokers 
than in never smokers (P < 10" 4 ). For comparison, the 
means of carboxyhemoglobin, which reflect recent ex¬ 
posure to tobacco smoke, are also given in Table 1. 
Means for.smokers and nonsmokers have a closer ratio 
than corresponding means of Cd-B, while means in 
nonsmokers and exsmokers are almost identical, as ex¬ 
pected. 

•For current smokers a dose-effect relationship be¬ 
tween the quantity of tobacco smoked per day and Cd- 
B exists (Table 2) for only those who inhale, whose Cd- 
B reaches a plateau, as indicated by the lack of increase 
between the classes 16-20 and 21+ . Thus, inhaled 
smoke seems to be the most important factor with 
regard to Cd-f$? Therefore, only inhaling subjects will 
be considered herein. 

Effect of very recent exposure to tobacco smoke and 
its influence upon the above dose-effect relationship 
was investigated by considering subjects. who smoked 
in the morning just before. the visit ("recent smokers''). 
Table 3 shews the Cd-B means in recent smokers and ip 
"nonrecent smokers.” according to c urrertf tobacco 
consumption. It appears that the fewer the Cd-B 
resulting from current exposure, the higher the in¬ 


crease of Cd-B due to recent exposure, so that no dose- 
effect relationship between current exposure and Cd-B 
is found in recent smokers, The dose-effect relationship 
in nonrecent smokers is significant, as shown in Table 3 
(regression coefficient - 0.053, P < 10 -1 *), 

In exsmokers, the influence of past exposure on Cd-B 
(Table 1), may be analyzed by examining the means of 
Cd-B according to the time elapsed since cessation of 
smoking (Table 4); no significant difference appears. 
Moreover, the mean of Cd-B of subjects who stopped 
smoking for 2 yr was almost the same as that of subjects 
who stopped smoking for < 3 months, and Was signifi¬ 
cantly higher than that of nonsmokers. 

It must also be noted that no differences were found 
between either smokers of light and dark tobacco or 
smokers of cigarettes with and without a filter. 

Blood cadmium-other parameters. Blood pressure 
and Cd-B were uncorrelated (r « 0.01, P > .90 for 
systolic blood pressure; r - 0.03, P > .60 for diastolic 
blood pressure). The Cd-B mean in subjects with high 
systolic blood pressure (>160 mmHg) was 0.82 jxg/L 
(25 subjects), while it was 0.87 fig/L in the remainder of 
subjects. The lack of correlation remained.after adjust¬ 
ment for tobacco consumption. 

The only blood parameters significantly associated: 
with Cd-B are: carboxyhemoglobin (r - 0.66, P < 10 ’), 
and leukocyte count (r - 0.43, P < 10“°>, but, as ex¬ 
pected, these correlations vanish in nonsmokers and 
exsmokers. In current smokers the correlation coeffi¬ 
cients, calculated after adjustment for curfefnt and re- 


May/June 1983 [Volf38, (No. 3)1 


PM3001193006 


Source: https://www.industrydocuments.ucsf.edu/docs/yxwk0001 















Table 4. — Means of Blood Cadmium in Exsmokers According to the Time Elapsed 

Since Cessation of Smoking 

Months Since Cessation of Smoking 



1-3 3-6 

6-12 

12-24 

24+ 

P 

0.60 ± 0.34 0.41 ± 0.23 

0.70 ± 0.49 

0.56 ± 0.26 

0.55 ± 0.36 

.20 

N - 6 N - 4 

N - 10 

N - 8 

N - 58 



cent tobacco consumption, remain significant in some 
subgroups of subjects, probably because the quantity 
of tobacco smoked could not be ascertained exactly. 

DISCUSSION 

The mean Cd-B of the whole population is 0.88 ng/L; 
this value agrees with the range of 0.90-1.08 ftg/L 
reported by Kowal et al. 6 as a Cd-B estimate for U.S. in¬ 
habitants. Further comparisons from study to study, 
however, seem hazardous, since methods of determin¬ 
ation of Cd-B are not standardized. 

Age and Cd-B do not appear correlated; this could be 
explained by the small age range of the population 
(24-55 yr). For populations whose age ranges were 
larger, Pieban and Pearson 4 found a positive correla¬ 
tion (range, 15-83 yr), while this was not found by 
Kowal et al. 6 (range, 0-69 yr). 

No association between blood pressure and Cd-B 
was found in this study, This agrees with the most re¬ 
cent published results. The only biological parameters 
related to Cd-B are carboxyhemoglobin and leukocyte 
count, and it is, therefore reasonable to assume that 
these correlations are entirely explained by tobacco 
consumption, which both parameters are wei! known 
to reflect, 1S 

Through daily tobacco consumption, the present 
work defines the relationship between low-dose ex¬ 
posure to cadmium and Cd-B. An increase of Cd-B with 
current exposure, outlined elsewhere, 5 ‘' 6 is evident 
here only in the absence of a very recent exposure, 
while Cd-B reaches a plateau in subjects recently and 
heavily exposed. Observation of such a plateau in 
heavy smokers can be related to the toxikinetic of cad¬ 
mium (linkage with proteins, fast captation and ac¬ 
cumulation in some target organs, urinary excretion, 
etc.). This must be compared with another marker of 
tobacco smoke—carbon monoxide—which has avail¬ 
able a blood acceptor (hemoglobin) in very large 
amounts and, moreover, a storage compartment in 
equilibrium (myoglobin). This can explain why carbon 
monoxide is accumulated in the blood without ap¬ 
parent. limitation, while Cd-B exhibits the plateau 
phenomenon observed, In any case, this shows that 
, the use bf Cd-B to evaluate current low-dose exposure 
may be misleading; other pollution indicators, such as 
hair. ' 7 would perhaps be preferable. 

A more surprising finding is that Cd-B may reflect past 
exposure, ft appears that the mean Cd-B of exsmokers 
is higher than that of/lever smokers; this mean remains 
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fairly constant no matter what time elapsed since cessa¬ 
tion of smoking (this was not found by Kowal et al. 6 on 
relatively small samples). This finding suggests that cad¬ 
mium is stored in some organs whose cadmium con¬ 
centration is partly reflected by Cd-B. Such organs, able 
to release an appreciable proportion of cadmium in the 
blood, are perhaps neither the liver nor the kidney, 
since their cadmium content did not appear correlated 
with Cd-B in previous studies. Is ' i9 It is possible that 
other target organs, such as lungs, would be involved 
in the release of inhaled cadmium, and further studies 
would be necessary to elucidate this point. 

In conclusion, data presented here clearly show that 
in the nonindustrially exposed population considered, 
the contribution of environmental cadmium to Cd-B is 
lower than that of cadmium in tobacco smoke, in fact, 
if the Cd-B from dietary intake, water supply, etc. is 
0.37 pg/L, which is the level in nonsmokers, it can be 
hypothesized from the regression coefficient on nonre- 
cent smokers, that 1 g of tobacco smoked contributes 
to a Cd-B increase of approximately 0.05 gg/L, so that 
the effect of eight cigarettes on Cd-B equals that of all 
other environmental causes of current exposure, 

It can be noted that a useful application of these 
results would be in occupational exposure to carbon 
monoxide: Cd-B could indicate the contribution of 
tobacco smoking to carbon monoxide levels in the 
blood. 
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